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Description 

Field of the Invention 

5 This invention relates to the use of milk-derived polypeptides of the transforming growth factor beta family for the 
regulation of immune responses at the gut level associated with MHC (major histocompatibility complex). 

This invention relates especially to the use of mammalian milk or colostrum derived TGF-p-like MGF (milk growth 
factor) for the preparation of a food composition, an enteral preparation or a pharmaceutical composition, as well as to 
a food composition or to an enteral preparation containing an effective amount of mammalian milk or colostrum derived 

10 TGF-p-like MGF 

Background of the Invention and Prior Art 

Human and bovine milk contain many biologically active polypeptides including growth factors (West, D.W. 

15 Exp.Clin. Endocrinol . g 1 45*1 46,1 989). One of these factors, MGF (milk growth factor) was recently identified as identi- 
cal to or having close homology to a member of the transforming growth factor beta (TGF-p) family, notably TGF-p2 
(Cox D. A. et al. Eur. J. Biochem. 197 353-358, 1991). TGF-p is the general name for a family of polypeptides consisting 
of at least 5 distinct but closely related members, which have considerable structural and biological homologies (Rob- 
erts, A.B., et al. In: Peptide Growth Factors and their Receptors Vol. 1, pp. 419-472, Eds. Sporn M.B. et al., Springer, 

20 1990). TGF-ps are homodimeric proteins of about 25 kDa consisting of identical 12.5 kDa polypeptide chains linked 
through disulphide bridges. They may form latent complexes with other proteins and these complexes may be activated 
by acid treatment or mild proteolysis (Roberts, A.B. et al.). They are murtipotent, having a number of biological activities 
depending upon the target cell type, its state of differentiation and the presence of other factors. These activities include 
stimulation or inhibition of cell proliferation and differentiation, regulation of extracellular matrix deposition, immunomod- 

25 ulation, steroidogenesis and angiogenesis (Roberts, A.B. et al.). 

Expression of MHC-Class II on the surface of antigen-presenting cells is a prerequisite for the presentation of exog- 
enous antigen to T-cells (Benacerraf, B., Science 212 1229, 1981). Epithelial cells in the intestinal villus of the adult 
rodent constitutively express MHC-Class II while its expression by crypt cells depends in part on their spatial location 
in the intestine (Hughes, A., et al. Immunol. 72 491, 1991). In the postpartum period in the rodent there is little or no 

30 expression of MHC-Class II by enterocytes until after weaning, thus indicating the presence of a suppressive factor in 
milk (Hughes, A. et al.). 

TGF-ps. including TGF-p2, have a number of immunoregulatory properties and act at several stages of the inflam- 
matory and immune reaction. For example they inhibit the proliferation of T and B lymphocytes (Kerhl, J.H., et al. 
J.lmmunol. 13Z:3855-3860, 1986; Kerhl, J.H., et al. J.Exp.Med. Jfi&l 037-1 050, 1986) and thymocytes (Ristow, H.J. 

35 Proc.Natl.Acad.Sci.USA 23 5531-5534,1986). They also antagonize the effects of interleukins including IL-1 , IL-2 and 
IL-3 and other immunoregulatory agents such as tumor necrosis factor and interferons (Roberts, A.B. et al.). Although 
most of their effects on immune cells are inhibitory, TGF-ps appear to play a critical role in isotype switching of IgG and 
IgM secreting cells to IgA secreting cells (Lebman, D.A., et al. J.lmmunol. 144-952-959, 1 990). With particular reference 
to reported immunosuppressive effects of MGF, this factor has been shown to decrease the proliferation of human lym- 

40 phocytes induced by anti-CD3 or interleukins (Stoeck, M., et al. FEBS Lett. 242 289-292,1989); Stoeck, M., et al. 
J.Immunol. 143 3258-3265, 1989). TGF-ps interfere with certain accessory cell functions important in antigen presen- 
tation and specifically were shown to suppress MHC-Class II expression by melanomas, glial cells and astrocytes 
(Czarniecki, C.W., et al J.lmmunol. 140 4217-4223, 1988; Schlusener H.J. J.Neuroimmunol. 24 41-47, 1990; Zuber, P. 
et al. Eur. J. Immunol. Ifi 1623-1626,1988). However, the regulation of MHC-Class II expression on epithelial cells in the 

45 intestine by TGF-ps or MGF has not hitherto been reported. 

Altered regulation of MHC-Class II has been implicated in several gastrointestinal disorders. The presence of active 
inflammation at the gut level generally results in an increase in MHC-Class II expression on human intestinal epithelium 
and lamina propria (Mayer, L, et al. Gastroenterology KX) 3-12, 1991). This increase is a conspicuous component of 
Inflammatory Bowel Disease (IBD), (Mayer, L. et al.). In IBD, tissue damage is due either to an autoimmune attack on 

so the cellular components of the host intestinal mucosa (Snook, J. A., et al. Gut 32 163-166, 1991), or to a disorder in the 
mucosal immune regulation with an over-reactivity to luminal antigens in the gut, based on a defective down-regulation 
of this response (Challenges in IBD Research: Agenda for the 1990's. National Foundation for Ileitis and Colitis. Feb. 
21, 1990. Washington D.C.). 

Both possibilities imply the existence of a disregulation of the mucosal immune response and emphasize an immu- 
55 nologic role in the initiation and perpetuation of the inflammatory response. 

PEDIATRIC RESEARCH, vol. 25, no.4, April 1989, BALTIMORE, US, page 269A, M. EL-YOUSSEF et al., disclose 
that TGF-alpha and TGF-p are present in murine milk and say that these two factors, known to modulate cell growth 
and immune function, may thereby influence the maturation of the gastrointestinal mucosal barrier in the breast-fed 
neonate. 
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EP-A-03 1351 5 discloses a Milk Growth Factor (MGF) and a process for isolating it from fresh bovine milk, the use 
of this MGF for the promotion of surface wound healing or healing of internal wound, the use of immunosuppressive^ 
effective amounts of this MGF for preventing inflammations and the use of growth promoting amounts of this MGF for 
stimulating growth of a mammal. 
5 European Journal of Biochemistry, vol. 197, no 2, April 1 991 . pp 353-358, discloses that the MGF of EP-A-031 351 5 
has a close similarity with TGF-p2 and mentions its immunosuppressive effects and its ability to promote wound healing 
responses. 

Journal of Protein Chemistry, vol. 1 0, no 5, 1991 , pp 565-575 establishes that the major component of the MGF of 
EP-A-0313515isTGF-p2. 

70 EP-A-0269408 discloses the use of TGF-p in the preparation of a medicament for treating an inflammatory disorder 
accompanied by a Class II or Class III immune response, such as rheumatoid arthritis, systemic lupus erythematosus 
or inflammatory bowel disease. 

WO 90/00900 discloses a method of treating an inflammatory disorder such as adult respiratory distress syndrome, 
rheumatoid arthritis, asthma, emphysema, acute glomerular nephritis, inflammatory bowel disease, bowelpulmonary 

15 fibrosis and sarcoidosis, comprising a step of administering to a patient a therapeutically effective amount of TGF-p. 

Immunology, vol. 5, no 2, Feb. 1991, pp. 491-496, says that because MHC class II antigen is present in lamina pro- 
pria cells but not in enterocytes during nursing, it is possible that breast milk contains an inhibitor of errterocyte MHC 
class II expression, and that milk components such as prostaglandin and Cortisol, as well as TGF-p, are known inhibi- 
tors of MHC class II expression. 

20 WO 90/03812 relates the feet that TGF-p has been found to suppress the expression of MHC class II on human 
cells induced by human interferon and discloses a method for the treatment of grafts prior to transplantation , by incu- 
bating, coating or perfusing them with TGF-p. 

Object of the Invention 

25 

The object of the present invention is to provide a food composition or an oral and/or enteral preparation for regu- 
lating MHC mediated immune responses in the mammalian gastrointestinal tract, and more especially for the treatment 
of Inflammatory Bowel Diseases (e.g. Crohn's disease, Ulcerative Colitis) or Graft-vs-Host reactions in humans or ani- 
mals, for the prevention of diarrhea in weaning humans or animals, or for the prevention of allergic reactions in the gas- 
30 trointestinal tract in humans or animals. 

Summary of the Invention 

The present invention comprises the use of a transforming growth factor-beta2 (TGF-p2) containing acid casein 
35 fraction isolated from bovine milk for the preparation of a food composition or of an oral and/or enteral preparation for 
the modulation of major histocompatibility complex-Class II (MHC-Class II) expression by intestinal epithelial cells in 
humans or animals, wherein the food composition or the oral and/or enteral preparation contains 0.1 to 50 ug TGF-p2 
per g of dry matter, preferably for the treatment of Inflammatory Bowel Diseases, especially the Crohn's disease, or 
Graft-vs-Host reactions in humans or animals, or for the prevention of diarrhea in weaning humans or animals, or for the 
40 prevention of allergic reactions in the gastrointestinal tract in humans or animals. 

Detailed Disclosure of the Invention 

For preparing the food composition or the enteral preparation, or for carrying out the uses according to the present 
45 invention, a bioactive milk component, identical to or with close homology to TGF-p2 may be prepared in an enriched 
form from mammalian milk products, especially from bovine milk products, e.g. as disclosed in EP-A1-313515 (CIBA- 
GEIGY AG) p. 6 1. 11 to p. 7 1. 34 and Examples 1 to 3, and having TGF-p2-like activity on the proliferation of mammalian 
liver epithelial cells and on the expression of MHC by mammalian intestinal epithelial cells. Henceforth this bioactive 
milk factor is termed TGF-p2-like MGF. 

so 

Test1,TGF-psin Milks 

Normal rat liver epithelial (RLE) cells which have previously been shown to be sensitive to the growth inhibitory 
effects of TGF-ps (Huggett, A.C., et al. Cancer Res. §0. 7468-7475, 1990) were incorporated into a bioassay for the 
55 analysis of TGF-ps in milks and in acid-treated milk fractions and milk powders. Measurement of inhibition of DNA syn- 
thesis by 3 H-Thymidine incorporation was performed as described previously (HuggettA.C. et al.). Antibodies raised 
against TGF-ps (British Bio-technology Ltd.) were coincubated with standards or samples prior to bioassay analysis in 
order to determine inhibitory activity specific to TGF-p isoforms. Using this assay a 50% inhibition of RLE cell DNA syn- 
thesis is obtained with 50 pg/ml of TGF-pi or TGF-P2. 
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Human and bovine milk were delipidated by centrifugation, desalted on PD-10 columns (Pharmacia) eluted with 
PBS and then sterilized by filtration through 0.2jim membranes (Millipore). Protein contents were monitored using the 
method of Smith et al (Smith P.K., et al. Anal. Biochem. 15Q: 76-85, 1985). For analysis of latent acid-activatable TGF- 
ps, the milk samples were adjusted to pH 4 with 1 N HQ, centrifuged at 40000 g for 60 min to separate whey and casein 

5 fractions which were then neutralized with 1 N NaOH and dialyzed against PBS. Dilutions were then analyzed using the 
RLE cell bioassay together with a series of TGF-0 standard solutions. An estimation of the amount of TGF-p-like activity 
was determined by a comparison of the degree of inhibition of DNA synthesis obtained with the samples against TGF- 
P standard curves. The identification of specific isoforms of TGF-p was determined by examining the effects of isoform- 
specific neutralizing antibodies on the inhibitory activity. 

10 This test demonstrates that both human and cows milk contain acid-activatable TGF-p2-like MGF which is mainly 
associated with the casein fraction (Table 1). 



Table 1 



TGF-02-like MGF activity in Milks 


Sample 


Active TGF-p2-like MGF 
(jig/g protein) 


Bovine Milk 


<0.01 


Bovine Acid Casein 


0.52 


Human Milk* 


<0.2 . 


Human Acid Casein 


0.75 



25 *This value is overestimated due to the large 

amounts of EGF in these samples which interfere 
with the assay. 



30 

Tests 2 and 3 

Suppression of MHC-Class II Expression bv Intestinal Epithelial Cells 

35 The HT-29 intestinal epithelial line derived from human colonic epithelial cells (Fogh, J. et al. In: Human Tumor Cells 
"in vitro". J.Fogh, ed. Plenum Publishing Corp., New York, pp. 115, 1975), were maintained in an undifferentiated state 
in glucose-containing media (Zweibaum, A., etal. J.Cell.Phvsiol.. 122:21. 1985). When the cells reached 70-80% con- 
fluence, they were exposed, over a 48h period, to one of the following treatments:- human recombinant interferon- 
gamma (IFN-y, 100U/ml) alone (Boehringer Mannheim); I FN-y in combination with TGF-p2; IFN-y followed by TGF-p2; 

40 TGF-p2 alone followed by IFN-y; or, as a control, culture media alone. Cells were washed and retreated after the first 
24h. TGF-P2 was used at doses ranging from 0.05ng to 4ng per ml. Following the treatment period, the cells were 
washed, fixed and the plates stored frozen at -20°C until required. 

The avidin-biotin complex method of immunoperoxidase staining (Cerf-Bensussan, N., et al. J.lmmunol., 130 : 
2615, 1983) was performed on monolayers utilising the mouse monoclonal antibody L234 (Becton Dickinson), which 

45 recognises the human MHC-Class II histocompatibility antigen HLA-DR. Mouse myeloma IgG protein (Zymed) served 
as a control. In another series of experiments, a normal rat small intestinal cell line, IEC-18 (Quaroni, A., et al. J. Cell 
Biology, 3Q 248, 1979) was grown to 50% confluency and subjected to IFN-y and/or TGF-02 in the combinations listed 
above. Cells were then detached from the culture dishes using Versene (Life Technologies Ltd.) and stained, in suspen- 
sion, using a standard, direct immunofluorescence technique. Briefly, cells were washed, incubated with normal serum 

so for 5min and then with the FITC-conjugated mouse monoclonal antibody MRC OX-6 (Serotec) which recognises the rat 
Class II MHC antigen. Cells were then washed and fixed for at least 1h with 1% paraformaldehyde before analysis in 
the FACScan (Becton Dickinson). 

During food allergy and inflammatory diseases, intestinal epithelial cells express high levels of Class II antigen 
thought to be mediated, at least in part, by inflammatory cytokines such as IFN-y. The HT-29 undifferentiated cells 

55 employed in the assay described, do not constitutively express Class II molecules. To partially mimic events taking 
place during the onset of intestinal inflammation, the cells were exposed to IFN-y. The effect of TGF-02 on this reaction 
was then examined. Exposure to IFN-y induced Class II expression on the HT-29 cells but this effect was abrogated by 
pretreatment with TGF-J32 at all the doses tested (Table 2). In contrast, the other combinations of cytokines tested 
resulted in high levels of Class II expression. The majority of IEC-18 cells already expressed Class II molecules but 
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showed increased expression following treatment with IFN-y (Table 3). Once again, TGF-J32 suppressed this induction. 
Thus, at the onset of inflammatory intestinal reactions, TGF-p2 may modulate local expression of Class II antigens. 



Table 2 



Effect of TGF-02 on MHC-Class II expression by 
human intestinal epithelial cells (HT-29). 


Treatment 


MHC-II Expression 


(0-24h) 


(24-48h) 




none 


none 




none 


IFN-y 


++ 


IFN- 


none 


++ 


IFN-y 


IFN-y 


+++ 


TGF-P2 


none 




TGF-P2 


TGF-p2 




TGF-p2 


IFN-y 




IFN-y 


TGF-02 


++ 


TGF-p2+IFN-y 


TGF-P2+IFN-Y 


++ 


Staining: 
- negative 
+ weak 
++ strong 
+++ very strong 



Table 3 



Effect of TGF-p2 on MHC-Class II expression by rat Intes- 
tinal epithelial cells (IEC-18). 


Treatment 


MHC-II Expression (% 
positive cells) 


(0-24h) 


(24-48h) 




none 


none 


73.611.5 


none 


IFN-y 


85.3 ± 5.3 


IFN-y 


IFN-y 


95.8 ± 0.6 


TGF-p2 


none 


67.311.8 


TGF-p2 


IFN-y 


75.8 1 0.3 


TGF-P2+ IFN-y 


TGF-P2+IFN-Y 


86.911.5 



The demonstration of MCH-Class II antigens on human and rodent intestinal cells supports the notion that these 
cells may act as antigen presenting cells (Mayer, L, et al. J.Exp. Med. 1£6 1471-1483, 1987. The epithelial cell of the 
55 intestine has been considered a major participant in the etiopathogenesis of IBD. An increase in their expression of 
MHC-Class II could lead to an increased epithelial-T-helper lymphocyte interaction and this, in turn, could be a primary 
event in IBD or a perpetuating mechanism. The present studies demonstrate for the first time the action of TGF-P2 (and 
TGF-p2-like MGF) on suppression of MHC-Class II expression on intestinal epithelial cells. According to these findings, 
the availability of an immunosuppressive agent acting topically at the surface of the intestinal mucosa could provide a 
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new tool to interrupt the pathogenic mechanism involved in IBD and other inflammatory-immune conditions in the gut, 
namely Coeliac Disease and Graft-vs-Host reactions. 

Example 1 

5 

TGF-p2-like MGF prepared in enriched form from bovine milk as disclosed above is added to a nutritionally bal- 
anced enteral product comprising about 10% of dry matter in such a quantity that the enteral preparation thus obtained 
comprises an amount of about 0.1 to 50, preferably 0.5 to 20 ng of TGF-02-like MGF per g of dry matter. 

The enteral preparations prepared in this way are effective in suppressing MHC-Class II expression by intestinal 
10 epithelial cells. 

Example 2 

TGF-p2-like MGF prepared in enriched form from bovine milk as disclosed above is added to a balanced food prod- 
15 uct in liquid or powder form in such a quantity that the food composition thus obtained comprises an amount of about 

0. 1 to 50, preferably 0.5 to 20 ug of TGF-p2-like MGF per g of dry matter. 

The food composition prepared in this way are effective in suppressing MHC-Class II expression by intestinal epi- 
thelial cells. 

20 Claims 

1 . Use of a transforming growth factor-beta2 (TGF-p2) containing acid casein fraction isolated from bovine milk for the 
preparation of a food composition or of an oral and/or enteral preparation for the modulation of major histocompat- 
ibility complex-Class II (MHC-Class II) expression by intestinal epithelial cells in humans or animals, wherein the 

25 food composition or the oral and/or enteral preparation contains 0.1 to 50 ug TGF-02 per g of dry matter. 

2. Use according to claim 1 , wherein said food composition or oral and/or enteral preparation is for the treatment of 
Inflammatory Bowel Diseases or Graft-vs-Host reactions in humans or animals. 

30 3. Use according to claim 2, wherein said Inflammatory Bowel Disease is the Crohn's disease. 

4. Use according to claim 1 , wherein said food composition or oral and/or enteral preparation is for the prevention of 
diarrhea in weaning humans or animals. 

35 5. Use according to claim 1 , wherein said food composition or oral and/or enteral preparation is for the prevention of 
allergic reactions in the gastrointestinal tract in humans or animals. 

Patentanspruche 

40 1. Verwendung einer einen transformierenden Wachstumsfaktor Beta 2 (TGF-p2) enthaltenden sauren Caseinfrak- 
tion, die aus Kuhmilch isoliert wurde, zur Herstellung einer Nahrungsmittel-Zusammensetzung oder einer oralen 
und/oder enteralen Zubereitung zur Modulierung der Expression des Haupthistokompatibilrtatskomplexes der 
Klasse II (MHC-class II) durch intestinale Epithelzellen in Menschen oder Tieren, wobei die Nahrungsmittelzusam- 
mensetzung oder die orale und/oder enterale Zubereitung 0,1 bis 50 jig TGF-P2 pro g Trockensubstanz enthait. 

45 

2. Verwendung nach Anspruch 1, bei der die genannte Nahrungsmitteizusammensetzung oder die orale und/oder 
enterale Zubereitung zur Behandlung von entzOndlichen Darmerkrankungen oder von Transplantat-Wirt-Reaktio- 
nen bei Menschen oder Tieren bestimmt ist. 

so 3. Verwendung nach Anspruch 2, bei der die genannte entzundliche Darmerkrankung die Crohn Krankheit ist. 

4. Verwendung nach Anspruch 1, bei der die genannte Nahrungsmitteizusammensetzung oder die orale und/oder 
enterale Zubereitung zur Verhinderung von DiarrhOe bei Menschen oder Tieren bestimmt ist. 

55 5. Verwendung nach Anspruch 1, bei der die genannte Nahrungsmitteizusammensetzung oder die orale und/oder 
enterale Zubereitung zur Verhinderung von allergischen Reaktionen im Gastrointestinaltrakt bei Menschen oder 
Tieren bestimmt ist. 
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Revendications 

1 . Utilisation d'une fraction cailiee k i'acide contenant le facteur de croissance transformant p2 (TGF-p2) iso!6e k par- 
tir du lait de vache pour la preparation d'une composition alimentaire ou d'une preparation k absorption orale et/ou 
enterique destinee k la modulation de I'expression des antig&nes de classe II du complexe majeur d'histocompati- 
bilite (Classe II du CMH) par les cellules 6pith6liales intestinales chez I'homme et les animaux, dans laquelle la 
composition alimentaire ou la preparation k absorption orale et/ou enterique contient de 0,1 k 50 jig de TGF-fJ2 par 
gramme de matteres s^ches. 

2. Utilisation selon la revendication 1 , dans laquelle ladite composition alimentaire ou preparation k absorption orale 
et/ou enterique est destinee au traitement des maladies inf lammatoires de I'lntestin ou les reactions du greffon con- 
tre I'hdte chez I'homme ou les animaux. 

3. Utilisation selon la revendication 2, dans laquelle ladite maladie inf lammatoire de I'intestin est la maladie de Crohn. 

4. Utilisation selon la revendication 1 , dans laquelle ladite composition alimentaire ou preparation k absorption orale 
et/ou enterique est destinee k la prevention de la diarrhee chez les nourrissons ou les animaux k peine sevres. 

5. Utilisation selon la revendication 1 , dans laquelle ladite composition alimentaire ou preparation k absorption orale 
et/ou enterique est destinee k la prevention des reactions allergiques dans le tube gastro-intestinal chez I'homme 
ou les animaux. 
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Description 

[0001] The present invention relates to methods of 
producing compositions containing polyamines. 
[0002] The present invention relates to a method of 5 
producing compositions containing polyamines easily at 
low cost, in which milk or milk material is treated with an 
ultrafiltration (UF) membrane at a pH lower than 5.5 and 
polyamines are isolated and recovered from the result- 
ing permeate. Furthermore, the present invention re- w 
lates to methods of producing compositions containing 
polyamines which have a good flavor, contain high con- 
centrations of spermidine and spermine and are highly 
utilizable as a food material. 

[0003] Polyamine is a general term for a linear aliphat- *5 
ic hydrocarbon having two or more primary amino 
groups. Typical polyamines include putrescine, spermi- 
dine and spermine. Generally known physiological ac- 
tions of polyamines are (1) action on cell growth, (2) 
stimulation of cell differentiation, (3) action as immu- 
noessential factors, (4) antiallergic action, (5) stimula- 
tion of protein synthesis, (6) structural stabilization by 
an interaction with nucleic acids, (7) control of enzyme 
activities, and the like. Recently, there have been a 
number of reports that polyamines effectively stimulate 
the growth and differentiation of mucosal cells in the 
gastrointestinal 

[0004] Examples of these reports are as follows: 
[0005] O. Peulen et al., Arch. Physiol. Biochem., vol. 
106, pp. 46-55, 1998; W.P. Deloyeretal., Arch. Physiol. 
Biochem., vol. 104, pp. 163-172, 1996; M. Kaouass et 
aL, Dig. Dis, Sci., vol. 41, pp. 1434-1444, 1996; E. 
Harada et al., Comp. Biochem. Physiol., vol. 109A, pp. 
667-673, 1994; G. Capano et al., J. Pediatr. Gastroen- 
terol. Nutr., vol. 19, pp. 34-42, 1994; G.E. Wild et al., 
Biol. Neonate, vol. 63, pp. 246-257, 1993; Buts J. -P. et 
al., Digestive Diseases and Science, vol. 38, p. 1091, 
1993; Dufour, C. et al., Gastroenterology, vol. 95, p. 
112,1988. 

[0006] The physiological effects of spermidine and 
spermine were studied and a stimulative action of 
polyamines on maturation of the gastrointestinal was re- 
vealed in these reports. Accordingly, in order to render 
to food products a stimulative effect on maturation of the 
gastrointestinal by adding polyamines, there was a need 
to produce polyamine-containing compositions having 
a good flavor and higher concentrations of spermidine 
or spermine. 

[0007] Reported, examples of the use of polyamines 
in foods include a konnyaku (a food made from devil's- 
tongue starch) product in which spermine or spermidine 
is added to ameliorate the unique konnyaku flavor so as 
not to adversely affect the flavor of other ingredients 
cooked together (Japanese Patent Laid-open No. 
38690/1994) and a polyamine-admixed nutritional com- 
position in which polyamines are admixed to stimulate 
protein absorption for promoting satisfactory growth and 
maintaining good healthy conditions (Japanese Patent 



Laid-open No. 1994-305956). Examples of the use of 
polyamines as medicines include a method and ingest- 
ible compositions for the suppression of gastric acid se- 
cretion (Japanese Patent Laid-open No. 131914/1983) 
and immunoactivators (Japanese Patent Laid-open No. 
98015/1984; Japanese Patent Laid Open No. 
223514/1990). 

[0008] Examples of conventional methods to produce 
polyamine compositions for the abovementioned pur- 
poses include a method of producing polyamines using 
milts as the raw material (Japanese Patent Laid-open 
No. 238094/1996), a method of producing polyamines 
using animal organs as the raw material (Japanese Pat- 
ent Laid-open No. 206025/1997), and a method of pro- 
ducing polyamines from yeast ceils and a nutritional 
polyamine-containing composition produced by the 
same method (Japanese Patent Laid-open No. 
52291/1 998). Since milts, animal organs and yeast cells 
are used as the raw material, polyamines produced by 
these methods smell offish, animals and yeast and the 
flavor is not altogether agreeable. If milts are used as 
the raw material for producing a polyamine-containing 
composition, the material is highly viscous and difficult 
to handle, making purification inefficient. 
[0009] In the abovementioned polyamine-admixed 
nutritional composition (Japanese Patent Laid-open No. 
305956/1994), polyamines are isolated and extracted 
from milk materials from mammals using an ultrafiltra- 
tion (UF) membrane or ion exchange resins. However, 
the yield ofpolyamine extraction is low and problems re- 
main to be solved for practical use of this method. 
[001 0] An objective of the present invention is to pro- 
vide a method of producing polyamine-containing com- 
positions which have a good flavor and higher concen- 
trations of spermidine and spermine, from milk or milk 
material. 

[0011] In the course of an intensive study to develop 
a method of producing polyamine-containing composi- 
tions having higher concentrations of spermidine and 
spermine, the present inventors found that polyamine- 
containing compositions which have a good flavor and 
higher concentrations of spermidine and spermine can 
be produced by treating milk or milk material with an UF 
membrane at a pH lower than 5.5 and isolating and re- 
covering polyamines from the resulting permeate to ef- 
ficiently fractionate polyamines in the milk or milk mate- 
rial, and completed the present invention. 
[0012] In the present invention, polyamine-containing 
compositions are produced by treating milk or milk ma- 
terial with an UF membrane at a pH lower than 5,5 and 
isolating and recovering polyamines from the resulting 
permeate. In this case, the pH has a great impact, such 
that the recovery of the polyamine-containing composi- 
tions is poor if the pH is higher than 5.5. 
[0013] Examples of the milk to be used as a raw ma- 
terial in this invention include any milk of mammals, such 
as cow milk, goat milk and ewe milk. Examples ofthe 
milk material include any milk component isolated and/ 
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or fractionated using an ion exchange method, mem- 
brane treatment, electrodialysis, or the like, such as acid 
casein, acid whey, cheese whey, whey protein concen- 
trate (WPC), whey protein isolate (WPI), powdered skim 
milk, butter milk and cream. 

[0014] The pH of the milk or milk material can be ad- 
justed below 5.5 by adding acid to a solution of the milk 
or milk material or by adding microorganisms for micro- 
bial growth. The addition of the acid and microorgan- 
isms can be done simultaneously. Examples of the acid 
to be used include any inorganic and organic acid, such 
as lactic acid, citric acid, sulfuric acid, hydrochloric acid, 
acetic acid and phosphoric acid. Microorganisms can be 
any microorganisms, which can utilize and grow on milk 
components and produce organic acids, such as lactic 
acid bacteria, propionic acid bacteria and bifidobacteria. 
The presence of enzymes such as rennet should not 
cause any problem. 

[0015] Thus, polyamine-containing compositions 
which have a good flavor and higher concentrations of 
spermidine and spermine can be produced by treating 
milk or milk material with an UF membrane at a pH lower 
than 5.5 and isolating and recovering polyamines. 
[0016] Preferred embodiments will now be described 
in detail. 

[0017] Polyamine-containing compositions can be 
produced by lowering the pH of milk or milk material to 
less than 5.5 with the addition of acid or by the growth 
of microorganisms, treating the acidified milk or milk ma- 
terials with an UF membrane and isolating and recover- 
ing polyamines from the resulting permeate. 
[0018] Examples of the UF membrane can be any 
membrane having a fractionation molecular weight of 
1,000-100,000 including organic membranes, such as 
cellulose, cellulose acetate, polysulfone, polyamide, 
polyacrylonitrile, polyethylene tetrafluoride, polyester, 
polypropylene or the like, and inorganic membranes 
such as ceramics with aluminum, zirconium, titanium or 
the like, and glass (silica) or the like. 
[0019] Steps such as a treatment with ion exchange 
resins, treatment with NF (nanofiltration), and electrodi- 
alysis can be used for the purification or desalting of the 
polyamine-containing solution. These steps can be 
used in combination to obtain further purified polyamine- 
containing compositions. 

[0020] The treatment with ion exchange resins can be 
carried out such that milk or milk material is treated with 
an UF membrane at a pH below 5.5, after which the re- 
sulting permeate, with or without adjusting the pH by 
adding alkali such as sodium hydroxide and potassium 
hydroxide, is passed through a column filled with ion ex- 
change resins to separate polyamines from contami- 
nants such as amino acids, peptides, proteins and sug- 
ars. Any ion exchange resins having an ion exchange 
group, such as sulfonyl, sulfopropyl, phosphate, car- 
boxymethyl, aminoethyl, diethylamino, quaternary ami- 
noethyl and quaternary ammonium groups, can be 
used. Both cation exchange resins and anion exchange 



resins can be used. 

[0021] If cation exchange resins are used, since 
polyamines are adsorbed onto cation exchange resins, 
the unadsorbed substances are first thoroughly re- 

5 moved, then the polyamines can be eluted and recov- 
ered using acidic solutions such as sulfuric acid or hy- 
drochloric acid, or salt solutions such as sodium chlo- 
ride. If anion exchange resins are used, polyamines can 
be recovered from the unabsorbed fraction since 

10 polyamines are not adsorbed onto anion exchange res- 
ins. 

[0022] NF membranes can be used for desalting. Any 
NF membrane with a salt inhibition rate of 30-80% can 
be used. 

15 [0023] Electrodialysis can be carried out by placing a 
polyamine-containing solution and a salt solution alter- 
nately in compartments sectioned by cation exchange 
membranes and anion exchange membranes. Desira- 
ble conditions for electrodialysis are a primary current 

20 density of 0.5-15 A/dm 2 and a voltage of 0.1-1 .5 V/bath. 
[0024] The polyamine-containing compositions thus 
obtained can be used as solutions without further 
processing or spray-dried or lyophilized to obtain pow- 
dered products. 

25 [0025] The polyamine-containing compositions thus 
obtained can be used as medicaments and medicinal 
nutrient compositions such as enteral nutrients, nutrient 
compositions for infants, such as powdered milk for in- 
fants and baby foods, and as raw materials for nutrition- 

30 ally fortified foods or general food products 

[0026] The present invention will be explained in more 
detail with reference to the following examples and com- 
parative examples. 

[0027] Analysis of polyamine contents in the exam- 
35 pies and comparative examples was carried out by the 
method of Kawakami et al. (Japanese Journal of Pedi- 
atric Gastroenterology and Nutrition, vol. 9, pp. 115- 
121, 1995). 

40 [Example 1] 

[0028] A composition containing polyamines derived 
from milk was produced. Raw milk (cow's milk) was cen- 
trifuged (2,000 g, 4C, 10 minutes) to prepare skimmed 

45 milk, To this skimmed milk, 1N hydrochloric acid was 
added to adjust the pH to 4.6, and the resulting milk was 
centrifuged (35,000 g, 4C, 20 minutes) to remove ca- 
sein. This acid whey thus obtained was treated with an 
UF membrane with a fractionation molecular weight of 

50 8,000 to recover an UF permeate. This permeate was 
passed through a column filled with cation exchange 
resins (Dowex 50WX8 (H + form)) to allow polyamines 
to adsorb onto the cation exchange resins, after which 
the column was thoroughly washed with a 0.5 M sodium 

55 chloride solution to remove impurities, then the ad- 
sorbed polyamines were eluted with 6N hydrochloric ac- 
id. This eluate was neutralized with the addition of a so- 
dium hydroxide solution, electrodialyzed for desalting, 
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and lyophilized to obtain a polyamine-containing com- 
position. 

[0029] Thus, 528 mg of a polyamine-containing com- 
position were obtained from 1 ,000 L of acid whey. The 
sum of the percentage of spermidine and spermine in 
the total polyamines was 97.5%. 

[Example 2] 

[0030] A polyamine-containing composition was pro- 
duced using cottage cheese whey as a milk material. 
Whey (pH 4.3) produced during cottage cheese manu- 
facturing was treated with an UF membrane (having a 
fractionation molecular weight of 5,000) to recover a 
permeate. This permeate was passed through a column 
filled with cation exchange resins (Dowex 50WX8 (H + 
form)) to allow polyamines to adsorb onto the cation ex- 
change resins, after which the column was thoroughly 
washed with a 0.6 M sodium chloride solution to remove 
impurities, then the adsorbed polyamines were eluted 
with 6N hydrochloric acid. This eluate was neutralized 
with the addition of a sodium hydroxide solution, elec- 
trodialyzed for desalting, and lyophilized to obtain a 
polyamine-containing composition. 
[0031] Thus, 426 mg of a polyamine-containing com- 
position were obtained from 1 ,000 L of cottage cheese 
whey. The sum of the percentage of spermidine and 
spermine in the total polyamines was 98.5%. 

[Comparative Example 1] 

[0032] A polyamine-containing composition was pro- 
duced using Gouda cheese whey as a milk material. 
Whey (pH 6.2) produced during Gouda cheese manu- 
facturing was treated with an UF membrane (having a 
fractionation molecular weight of 5,000) to recover a 
permeate. This permeate was passed through a column 
filled with cation exchange resins (Dowex 50WX8 (H + 
form)) to allow polyamines to adsorb onto the cation ex- 
change resins, after which the column was thoroughly 
washed with a 0.6 M sodium chloride solution to remove 
impurities, then the adsorbed polyamines were eluted 
with 6N hydrochloric acid. This eluate was neutralized 
with the addition of a sodium hydroxide solution, elec- 
trodialyzed for desalting, and lyophilized to obtain a 
polyamine-containing composition. 
[0033] Thus, 515 mg of a polyamine-containing com- 
position were obtained from 1 ,000 L of Gouda cheese 
whey. However, neither spermidine nor spermine was 
detected in this polyamine-containing composition. 

[Test Example 1] 

[0034] Polyamine-containing compositions each pre- 
pared using milts, animal organs, yeast cells and milk 
as a raw material were added to a food product, and the 
effect of the addition on the quality of the food product 
was evaluated by a sensory evaluation. Polyamine-con- 



taining compositions were prepared from milts by the 
method of Japanese Patent Laid-open No. 
238094/1 996, from animal organs by the method of Jap- 
anese Patent Laid-open No. 206025/1997, and from 

5 yeast cells by the method of Japanese Patent Laid-open 
No. 52291/1998, respectively. The polyamine-contain- 
ing compositions prepared in Examples 1 and 2 were 
used as polyamines prepared from milk or milk material. 
The polyamine-containing compositions obtained from 

10 different raw materials were added to whole fat pow- 
dered milk so as to adjust the concentration of the sum 
of spermidine and spermine to 10 mg/100 g to prepare 
polyamine-added compositions for a sensory evalua- 
tion. The evaluation was for "odor" and "taste." 

15 [0035] The sensory evaluation was carried out by 10 
male and 10 female trained panelists using a scoring 
method. Results of the sensory test are shown as aver- 
ages of the scores given by the 20 panelists, according 
to the following scales for evaluation. 

20 [0036] Results are shown in Table 1. The scales for 
evaluation are as follows: 

Odor - 5: No abnormal odor; 4: faintly abnormal 
odor; 3: slightly abnormal odor; 2: abnormal odor; 
25 and 1 : strongly abnormal odor. 

Taste - 5: No abnormal taste; 4: faintly abnormal 
taste; 3: slightly abnormal taste; 2: abnormal taste; 
and 1: strongly abnormal taste. 



I. [TABLE 1] 



Raw material 


Odor 


Taste 


Salmon milts 


1.9 


1.1 


Caw pancreas 


1.1 


1.0 


Pig pancreas 


1.5 


1.4 


Yeast cells (Candida utifis) 


4.0 


4.6 


Acid whey 


4.8 


4.8 


Cottage cheese whey 


4.7 


4.8 


Control (whole milk powder) 


4.9 


4.9 



[0037] The present invention enables polyamine-con- 
taining compositions to be easily obtained at low cost 
by treating milk or milk material with an ultrafiltration 
(UF) membrane at a pH below 5.5 and isolating and re- 
covering polyamines from the resulting permeate. 
[0038] Since the polyamine-containing compositions 
obtained in the present invention are characterized by 
a good flavor and high contents of spermidine and sper- 
mine, they can be effectively used as medicaments and 
medicinal nutrient compositions, such as enteral nutri- 
ents, nutrient compositions for infants, such as infant 
powdered milk and baby foods, and as raw materials for 
nutritionally fortified food products and general food 
products. 
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Claims 

1. A method of producing polyamine-containing com- 
positions which includes treating milk or milk mate- 
rial with an ultrafiltration (UF) membrane at a pH 
lower than 5.5 and isolating and recovering 
polyamines from the resulting permeate. 

2. A method of producing polyamine-containing com- 
positions as claimed in claim 1 wherein inorganic 
acids or organic acids, and/or microorganism, 
which utilize milk components for growth to produce 
organic acids, are added to lower the pH of the milk 
or milk material to 5.5. 

3. A method of producing polyamine-containing com- 
positions as claimed in claim 1 or 2, wherein 
polyamines are isolated by one or more steps of an 
ion exchange process, membrane fractionation 
process and electrodialysis. 

4. A method of producing polyamine-containing com- 
positions as claimed in claim 2 or 3, wherein said 
inorganic acids of organic acids are selected from 
lactic acid, citric acid, sulfuric acid, hydrochloric ac- 
id, acetic acid and phosphoric acid. 

5. A method of producing polyamine-containing com- 
positions as claimed in any of claims 2 to 4, wherein 
said microorganisms are selected from lactic acid 
bacteria, propionic acid bacteria and bifidobacteria. 



Patentanspruche 

1 . Verfahren zur Herstellung von Polyamin-enthalten- 
den Zusammensetzungen, welches die Behand- 
lung von Milch Oder Milchmaterial mit einer Ultrafil- 
trations(UF)-Membran bei einem pH-Wert von we- 
niger als 5,5 und die Isolation und Gewinnung von 
Polyaminen aus dem resultierenden Permeat ein- 
schlielM. 

2. Verfahren zur Herstellung von Polyamin-enthalten- 
den Zusammensetzungen gemafc Anspruch 1 , wo- 
bei anorganische oderorganische Sauren und/oder 
Mikroorganismen, welche Milchkomponenten zum 
Wachstum oder zur Produktion von organischen 
SSuren nutzen, zugegeben werden, urn den 
pH-Wert der Milch oder des Milchmaterials auf 5,5 
zu verringern. 

3. Verfahren zur Herstellung von Polyamin-enthalten- 
den Zusammensetzungen gemafi Anspruch 1 oder 
2, wobei die Polyamine durch einen oder mehrere 
Schritte, ausgewahlt aus einem lonenaustausch- 
verfahren, einem Membranfraktionierungsverfah- 
ren und einer Elektrodialyse isoliert werden. 



4. Verfahren zur Herstellung von Polyamin-enthalten- 
den Zusammensetzungen gemafc Anspruch 2 oder 
3, wobei die anorganischen oder organischen Sau- 
ren ausgewahlt sind aus MilchsSure, Citronensau- 

5 re, Schwefelsaure, SalzsSure, EssigsSure und 
Phosphorsaure. 

5. Verfahren zur Herstellung von Polyamin-enthalten- 
den Zusammensetzungen gemafi einem der An- 

10 spruche 2 bis 4, wobei die Mikroorganismen aus- 
gewahltsind aus Milchsaurebakterien, Propionsau- 
rebakterien und Bifidobakterien. 



15 Revendications 

1. Procede de production de compositions contenant 
des polyamines, qui inclut le traitement de lait ou 
de matiere laitiere avec une membrane d'ultrafiltra- 

20 tion (UF) a un pH inferieur a 5,5 et I'isolement et !a 
recuperation des polyamines a partir du permeat 
obtenu. 

2. Procede de production de compositions contenant 
25 des polyamines selon la revendication 1, dans le- 

quel des acides mineraux ou des acides organi- 
ques, et/ou des micro-organismes qui utilisent des 
constituants laitiers pour se developper et produire 
des acides organiques, sont ajoutes pour abaisser 
30 le pH du lait ou de la matiere laitiere a 5,5. 

3. Procede de production de compositions contenant 
des polyamines selon la revendication 1 ou 2, dans 
lequel les polyamines sont isolees par une ou plu- 

35 sieurs etapes parmi un procede d'echange d'ions, 
un procede de fraction nement par membrane et 
I'electrodialyse. 

4. Procede de production de compositions contenant 
40 des polyamines selon la revendication 2 ou 3, dans 

lequel lesdits acides mineraux ou acides organi- 
ques sont choisis parmi I'acide lactique, i'acide ci- 
trique, I'acide sulfurique, I'acide chlorhydrique I'aci- 
de acetique et I'acide phosphortque. 

45 

5. Procede de production de compositions contenant 
des polyamines selon Tune quelconque des reven- 
dications 2 a 4, dans lequel lesdits micro-organis- 
mes sont choisis parmi les bacteries lactiques, les 

50 bacteries propioniques et les bifidobacteries. 
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USE OF GLUTAMATE AND/OR A GLUTAMATE PRECURSOR FOR THE PREPARATION OF A 
NUTRITIONAL OR PHARMACEUTICAL PRE PAT I ON FOR THE TREATMENT OR PREVENTION OF 
HYPERPERMEABILITY OR UNDESIRED PERMEABILITY OF THE INTESTINAL WALL 

The invention relates to the preparation of a nutritional preparation that is suitable 
for use in the case of conditions associated with an increased permeability of the intestinal 
5 wall. 

The intestinal epithelium acts as a selective barrier which allows the absorption of 
nutrients but restricts the passage of microorganisms and undesired macromolecules. 
Maintaining this barrier is considered to be important in order to protect the host against 
the migration of pathogenic microorganisms from the intestines to the bloodstream. It is 

10 assumed that the increase in the permeability of the intestines is associated with damage to 
the paracellular transport system of the intestinal mucosa, as a result of which translocation 
of endotoxins and (pathogenic) bacteria can occur. As a result of the damage to the 
intestinal mucosa it is also possible for absorption of macromolecules to occur, which are 
then able to initiate allergic reactions. 

15 An increase in the permeability of the intestinal wall has been detected in clinical 

conditions associated with damage to the intestinal mucosa barrier, such as endotoxaemia, 
sepsis, multiple trauma, malnutrition, major surgical interventions, parenteral nutrition and 
burns. An increase in the permeability to larger molecules, such as proteins, has been 
found in the newborn, but also occurs in healthy people if they are allergic to food 

20 products. 

It is known that glutamine is able to lower the macromolecular hyperpermeability of 
intestinal cells which is induced by phorbol 12,13-dibutyrate (Kouznetsova et al. 
7. Parenteral Enteral Nutrition, 23 (1999) 136-139). A disadvantage of glutamine, 
however, is that it is not stable at room temperature, which renders it unsuitable for (non- 
25 chilled) foods with a long shelf life. Moreover, glutamine has poor solubility. 

Instead of glutamine, specific products based on peptides, mainly di- and tripeptides, 
are used. These peptides are frequently prepared from glutamine-rich vegetable proteins, 
such as, in particular, wheat protein, in which preparation method, following enzymatic 
conversion, fractionation technology is used in order to obtain the specific peptide fraction 
30 as the main fraction. Examples thereof can be found in JP 05236909 and JP 08157385. 
Such a preparation of these peptides is expensive and complex. Moreover, a product 
obtained from wheat protein can be problematic for some patients, such as coeliac patients. 
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It has now been found tl at too high a permeability of the intestinal wall can be 
effectively treated or prevented by the administration of a suitable quantity of glutamate 
and/or a glutamate precursor, preferably in a nutritional preparation. The invention 
therefore relates to a nutritional or pharmaceutical preparation containing glutamate and/or 
5 a glutamate precursor, in particular for such a use, as described in more detail in the 
appended claims. 

From the state of the art, for instance US 5,366,723 it is known to use a combination 

of glutamic acid, aspartic acid and cystein in decreasing the toxicity of platinum 

compounds in the treatment of cancer. One of the activities mentioned is regeneration of 
10 the intestinal mucosa. However, regeneration of the intestinal mucosa relates to a different 

phenomena than permeability of the intestine which is in particular associated with 

integrity of the intestine or the paracellular transport via the intestinal mucosa. 

Here a nutritional preparation is understood to be a composition that contains food 

constituents (at least one), such as proteins, carbohydrates, fats, vitamins, minerals and the 
15 like. Preferably the composition contains more than one food constituent and preferably it 

contains all necessary food constituents. It can therefore be a food supplement or a 

complete food or a food drug ("neutraceuticum"). 

The nutritional preparation of the invention can be an infant formula or children's 

food or an enteral (functional/clinical/problem solving) food. 
20 Substances that are known to have a beneficial effect on the intestinal function 

(permeability) can also be added. In particular, one or more polyamines such as spermine, 

spermadine or putrescine or one or more polyamine precursors, in particular ornithin and 

arginin can be used. Such polyamines are, for example, described in Dorhout et al., Br. J. 

Nutrition, 1997, 639-654 and in a report of a seminar held on 29 June to 2 July 1999 in 
25 Glasgow, published in Proceedings of the Nutrition Society, Vol. 59 (Issue 1), 2000, 81- 

86. Polyamines or the precursors thereof can have a beneficial contribution in e.g. 

postnatal intestinal maturation, permeability of the intestine to macromolecules (allergy), 

the translocation of bacteria, etc. 

The preparation contains preferably 0.05 to 10 g, more preferably 0,2 to 4 g free 
30 glutamate per 100 g of the nutritional preparation (dry weight). The polyamines are 

preferably present in an amount of 1 to 10 mg per 100 g of the nutritional preparation (dry 

weight). 
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The glutamate is preferably incorporated in a nutritional preparation alongside 
proteins or peptides, such as lactic or vegetable proteins. The nutritional preparation 
contains in particular lactic proteins or hydrolysates obtained therefrom. Lactic proteins 
comprise casein, whey proteins and lactoferrin. 

5 Carbohydrates are understood to be digestible carbohydrates, such as glucose, 

lactose, maltose and sucrose, and digestible oligosaccharides and polysaccharides, such as 
maltodextrins, amylopectins and starch, as well as non-digestible carbohydrates (food 
fibres) such as galacto-oligosaccharides or fructo-oligosaccharides (inulin), vegetable and 
animal and microbial gums, such as carob bean flour and gum arabic. Fats comprise 

10 vegetable and animal fats, fats with medium length chains (C 8 -C, 2 ) (MCT), fats with 
unsaturated long chains (such as y-linolenic acid, arachidonic acid, eicosapentaenoic acid 
and docosahexaenic acid). 

The nutritional preparation according to the invention can also contain glutamine or 
an equivalent thereof. Glutamine equivalents are known to those skilled in the art. 

15 Examples of these are the abovementioned dipeptides and tripeptides. If the nutritional 
preparation is a food for babies or toddlers, the weight ratio of glutamic acid ; glutamine 
from the free amino acids is greater than 1 : 1, in particular greater than 5 : 1 and very 
particularly greater than 25 : I. 

Here a glutamate precursor is meant to include glutamic acid or alfa-keto glutaric 

20 acid, a biochemical precursor. Glutamate can be in the form of a physiologically 
acceptable glutamate salt (for example the sodium, potassium, calcium or magnesium salt). 
As a source of glutamate protein hydrolysates can be used or freeze dried cultures of 
(lactic acid) bacteria (probiotics) which contain glutamate as a protecting agent. An 
example of such a lactic acid culture is Lactobacillus Reuteri, obtainable from Biogaia, 

25 originating from human milk. 

Free glutamic acid is understood to be glutamic acid or a salt thereof that is not 
bound in protein or peptide and that has either been added or is present in the free amino 
acid fraction of a protein or hydrolysed protein (hydrolysed proteins usually contain 10 - 
20% free amino acids) or is present as a protecting agent in a probiotic lactic acid culture. 

30 The preparations of the invention are preferably combined with suitable prebiotics 

and probiotics, which have a beneficial effect on the intestinal flora. The prebiotics 
comprise short or long chain oligosaccharides, in particular galacto-oligosaccharides and 
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fructo-oligosaccharides, branched oligosaccharides, sialyloligosaccharide, nucleotides, 
protein hydrolysates, sialic acid rich milk products or derivatives thereof, etc. 

The nutritional preparation to be prepared according to the invention can be used in 
the treatment of all conditions where hyperpermeability of the intestinal wall is concerned. 
5 Examples of these are food allergy, allergy to internal drugs, sepsis and similar clinical 
conditions, translocation of pathogenic bacteria through the intestinal wall, endotoxaemia, 
viral diarrhoea, low intestinal blood flow, IC patients, patients after surgical interventions 
or with major burns, parenteral nutrition and undernutrition. It can also be used in the case 
of intestinal maturation of newborn babies, reduction of abnormal crying in children or the 
10 treatment of hyperactivity (Attention Deficit Hyperactivity Disorder, ADHD). 

Example 1 

The macromolecular permeability of the intestinal epithelium is controlled by the 
passage through intercellular tight junctions in the paracellular channels. Opening of these 

15 tight junctions is controlled by the epithelial cells in response to various intercellular 
mediators, such as Ca, cyclic AMP, G proteins and protein kinase c. The human intestinal 
cell line HT-29CL.19A is becoming increasingly more important for studying this 
paracellular permeability in vitro. See also the abovementioned article in J. Parenteral 
Enteral Nutrition, that is incorporated herein by reference. 

20 For the present examples, confluent monolayers of HT-29CL.19A cells were 

cultured on permeability filters. After 14-17 days the cells were allowed to grow for a 
further two days without glutamine in the medium. The transepithelial permeability from 
apical to basolateral was determined for horseradish peroxidase (HRP) with the aid of an 
enzyme assay. Phorbol 12,13-dibutyrate (PDB, 1 mmol/1) was used to increase the 

25 permeability. The effect of glutamine, glutamate and the g-glutamyl transferase inhibitor 
acivicin was investigated. All agents were added to the apical compartment. 

It was found that PDB increases the HRP flux 3-fold compared with the control after 
150-279 min stimulation (p < 0.001). Glutamine reduces this hyperpermeability 
appreciably. Glutamate (0.6 mmol/1) had the same effect (p < 0.001). Acivicin prevented 

30 the glutamine-mediated reduction in the hyperpermeability induced by PDB. This effect 
did not occur in the presence of glutamate. 

It can be seen from this experiment that glutamate reduces the macromolecular 
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hyperpermeability in HT-29CL.19A cells. 
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Example 2 

A complete, pulverulent, glutamic acid-containing baby food for premature children 
5 was prepared which had the following composition per 100 g powder - dry matter: 



ucsauiidicu wney, sonos 


39.2 g 


vegeiaDie iais 


26.4 g 


lactose 


17.9 g 


skimmed milk, solids 


13.4 g 


olllPfWf* Qvnin 
giuwusc ay i up 


fl Oft rw 

u.yu g 




U.lo g 


glutamic acid 


0.5 g 


L-arginine 


0.05 g 


taurine 


0.04 g 


L-Tryptophane 


0.02 g 


nucleotides 


0.03 g 


microminerals and vitamins 


1.4 g 


casein/whey protein ratio 


40/60 


% crude protein 


10.8 


% free glutamic acid 


0.5 



A fluid composition that contains approximately 15% solids can be prepared from 
such a powder. Approximately 175 ml of the fluid composition is administered per kg 
25 body weight per day. 

Example 3 

A food was prepared as in example 2, with the exception that instead of 0.7 g lactose 
0.7 g galacto-oligosaccharides were incorporated per 100 g powder. 

30 

Example 4 

A complete, pulverulent, glutamic acid-containing baby food for children with an 
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allergy was prepared which had tie following composition per 100 g powder - dry matter: 
hydrolysed casein 13.5 g 

vegetable fat 27 g 

glucose syrup 58.05 g 

5 taurine 0.04 g 

L-carnitine 0.01 g 

microminerals and vitamins 1 .4 g 

% crude protein 12 
10 % free ornithin 0.01 

% free glutamic acid 0.3 

Example 5 

A food was prepared according to example 4, with the exception that 0.25 g arginin 
15 and 0.005 g spermine and spermidine was incorporated instead of 0.255 g glucose syrup. 

Example 6 

A pulverent food for young children was prepared to limit excessive crying which 
contained per 100 gram: 
20 lactic protein 1 1 g 

fat 27 g 

lactose 56 g 

nucleotides 0.03 g 

25 glutamic acid 0.45 g 

minerals, vitamins, probiotic 3.02 g 

water 2.5 g 

ratio whey protein : casein : casein hydrolysate 40:30:30 
30 L. Reuteri (Biogaia) 1 x 10 8 



% free glutamic acid 
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Example 7 

A pulverent food for older children with multiple functional properties was prepared, 
containing per 100 grams: 

lactic protein 22.1 g 

fat 18.4g 

lactose 39 g 

sucrose 10 g 
alfa-ketoglutarate 0.1 g 

fructo-oligosaccharide (inulin) 3 g 

nucleotides 0.05 g 
minerals, vitamins, probiotics 4.85 g 

water 2.5 g 

L. Reuteri (Biogaia) 1 x 10 8 

casein/whey protein ratio 75 :25 

goafs milk protein (comprising human-milk like sialyloligosaccharides) : 20 % of 
the lactic protein 

% alfa-ketoglutarate 0. 1 

% free glutamic acid 0.05 

% free glutamic acid equivalents 0.15 

Example 8 

A pulverent food for children having hyperactivity syndrome (ADHD) was prepared 
containing, compared to example 7, a casein/casein hydrolysate ratio in the lactic protein 
fraction of 40:60. 

The product contains per 100 g 

L. Reuteri 1x10 8 

% free glutamic acid equivalents 0.45 
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Example 9 

A problem-solving, fluid, glutamic acid-containing enteral food based on caseinate 
and glutamine-rich vegetable hydrolysed protein (30% glutamine) was prepared which had 
the following composition per 100 g: 



caseinate 5.2 g 
glutamine-rich hydrolysed protein 1 .0 g 

glutamic acid 0.6 g 

arginine 0.2 g 

fats 3.4 g 

carbohydrates 9.5 g 

minerals and vitamins 0.4 g 

lecithin 0.1 g 

water 79.6 g 

% crude protein 6.3 g 

% free arginin 0.2 g 

% glutamin 0.3 g 

% free glutamic acid 0.6 g 
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1 . Use of glutamate and/or a glutamate precursor for the preparation of a nutritional or 
pharmaceutical preparation for the treatment or prevention of hyperpermeability or 

5 undesired permeability of the intestinal wall. 

2. Use according to claim 1, wherein the nutritional preparation is an infant formula or 
children's food. 

10 3. Use according to claim 1 or 2, wherein the nutritional preparation is an enteral food 
or a food supplement. 

4. Use according to any one of claims 1 to 3, wherein the nutritional preparation also 
contains lactic proteins or hydrolysed lactic proteins. 

15 

5. Use according to any one of claims 1 to 4, wherein the nutritional preparation also 
contains vegetable proteins or hydrolysed products thereof. 

6. Use according to any one of claims 1 to 5, wherein hydrolysed protein is used as the 
20 source of glutamate. 

7. Use according to any one of claims 1 to 6, wherein the glutamate precursor is 
glutamic acid or alfa-keto glutaric acid. 

25 8. Use according to any one of the preceding claims, wherein the nutritional 
preparation also contains glutamine or an equivalent thereof. 

9. Use according to claim 8, wherein the weight ratio of glutamic acid : glutamine in 
the free amino acid fraction is greater than 1 : 1, in particular greater than 5 : 1 and 
30 preferentially greater than 25 : 1. 



10. Use according to any one of the preceding claims, wherein the preparation further 
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contains one or more polyamines. in particular spermine, spermidine or putrescine and/or 
one or more polyamine precursory in particular ornithin and arginin. 

11. Use according to any one of the preceding claims, wherein the nutritional 
5 preparation contains 0.05 - 10 g, preferably 0.2 - 4 g free glutamate per 100 g nutritional 

preparation (dry weight). 

12. Use according to any one of the preceding claims, wherein the nutritional 
preparation further contains one or more prebiotics, preferably selected from the group 

10 consisting of protein hydrolysates, nucleotides, galacto-oligosaccharides, fructo- 
oligosaccharides, branched oligosaccharides and sialyloligosaccharides or equivalents 
thereof. 

13. Use according to any one of the preceding claims, wherein the nutritional 
15 preparation contains freeze dried probiotics, in particular freeze dried Lactobacillus 

Reuteri as the source of glutamate. 

14. Use according to any one of the preceding claims, in the case of deterioration of the 
mucosal barrier, intestinal dysfunction or injury, suboptimal intestinal wall maturation of 

20 new-borns, undernutrition, suboptimal intestinal blood flow, allergy, sepsis, translocation 
of pathogenic bacteria through the intestinal wall, endotoxaemia, viral diarrhoea, regularly 
crying children, hyperactive children, IC patients, patients after surgery or major burns. 

15. Preparation containing free glutamate and/or a glutamate precursor and polyamines, 
25 in particular spermine, spermidine or putrescine and/or one or more polyamine precursors, 

in particular ornithin and arginin. 
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